Chapter 2

| SSUES OF GENERALI ZATI ON, DI SAGGREGATI ON, AND COVPARI SON

In this chapter we report the results of additional analyses of the NWBS
data. Three issues are addressed. The first is the estimation of a valuation
function which can be used to estimate the benefits of specific changes in
water quality. The second is the use of this valuation function for the
pur pose of providing estimtes of the benefits of regional changes in water
quality. The third is an exam nation of the average per recreation day val ues

for boating, fishing, and swimming inplied by our NWBS data

ESTI MATI NG MARG NAL FRESHWATER QUALI TY BENEFI TS USI NG A VALUATI ON FUNCTI ON

Val uation Function

A total value/bid curve for a single econom ¢ agent (such as a househol d)
can be specified which depicts the H cksian conpensated variation, TOTVTPi. as
a function of the level of water quality, qi,household i ncone, YO, wat er based
recreational use, wr, and environment al attitudes,Ae, for a given base water
quality Ilevel, 9y

TOTVTP, = £(q,, ¥, V_, A, | q) (1)

o r o

Differentiating this bid curve with respect to ;- 3TOTWTPi/aqi, yields the
i nverse Hicksian conpensated demand curve

To enpirically estimte equation (1) we stacked the observations from each
of the water quality levels, which the respondents were asked to value, and
used the comon log-log function form which appears to fit better than a

linear formin our regression. The results can be summarized by,
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log(TOTWTPi) = -1.703 + 1.258*log(qi) + 1.107*log(Yo) + .IBO*Vr + .362*Ae, (2)
(-7.79) (13.28) (19.135) (3.70) (6.52)

wher e q is the rung (e.g. boatable) on the water quality |adder (figure 1.2)

bei ng val ued, YO is the current annual household inconme in thousands of

dol | ars, Wr is operationalized as a dummy variable for whether or not any

nmenber of the househol d engaged in freshwater boating, fishing, or sw nming

activity during the previous year, and Ae is operationalized as a dummy

variabl e for whether or not the respondent regarded a national goal “of

protecting nature and controlling pollution” as “very inportant”. The t-

statistics given in the parentheses are based on the heteroskedasticity

consi stent covariance matri x proposed by Wite (1980). The coefficients in this

equation are all reasonable in terns of sign and magnitude and are all quite

significant. The adjusted RZ for this equation, .31, is substantia

considering the small nunber of variables in the equation and the use of very

het er ogeneous cross-sectional survey dat a.

The particular specification of the recreation variable, vr,was chosen
because it can be obtained at a state, and sonetines at a sub-state level, from
recreation surveys. The environnmental attitude variabl e, Ae,differs fromthe
one used in our original report (Mtchell and Carson, 1984) which neasured a
belief that the United States is spending too little on water pollution
control. That variable posed the possibility that its predictive power was an
artifact of its apparent sinilarity to the WIP questions. The current variable
comes froma question about how inmportant the respondent believes the much nore
general goal of protecting nature and controlling pollutionis. [It's presence
at a statistically significant level, confirns our belief that environnenta

attitudes are a significant predictor of WIP for water quality.



For the sanple on which this regression was based, described in the
preceedi ng chapter, Yo = 24.22, Ur = .59, and Ae = .65 Wiile there is a fair
amount of variation in Ae across individuals, we find no statistically
significant variation in Ae across the four census geographic regions for which
we have representative subsanples.1 Log(TOTVWTP,) was set equal to zero if
TO‘I‘VTPi equal ed zero.2

Note that taking the exponents of the predicted values fromthis equation
results in estimates of the conditional nmedian WP rather than mean WP (see
Gol dberger, 1968; Stynes, Peterson, and Rosenthal, 1986).3 The presence of
het eroscedasticity causes poor prediction of nean WIP for |arger val ues of 9,
and Yo. This is because the variance estimate is inmportant in predicting
conditional neans fromthe |og-1og equation which inplicitly assumes that they
are distributed i.i.d. normal after taking the log of the error ternms in order
to perform the retransformation

For predicting conditional mean WIP, we find the same basic relationship
implied in equation (2) -- but with an additive rather than multiplicative
error term (CGoldfeld and Quant, 1972) -- works well and can be estimated using
nonlinear regression techniques. This yields
TOTWTP, = EXP[.413 + .819%log(q;) + -959*log(¥ ) + L207*W & L460%A 1, ()

(1.66) (9.20) (22.20) (3.23) (6.47)

1. The Census Bureau defines two sets of geographic regions, one consisting of
nine and the other a nore aggregated set of four regions. Qur 1980 study
used a larger sanple and a stratified sanpling plan which allowed us to
generalize to the nine region set.

2. This is equivalent to setting TOTWTP. equal to one if it was zero, and has
little effect on predicted val ues since both the mean and nedi an WIP
anounts are not close to zero.

3. The conditional nedian from equation (2) is given by ZXB(XB) while the
conditional nean is given by EXP(X3 - ¢ /2) if log(TOTWTPi) is assuned to
be normally distributed.

2-3



2

where the asynptotic t-statistics are in parentheses, n=1599, and R®=.27.
The value of an increnmental water quality change from q, to g
INCVAL(r,s), using equation (3) can be estimated by eval uating,
9
J EXP{.413 «-.819 -+ log(qi) - .959*log(‘{0) + .207*Vr + .460*Ae] dg  (4)
ql‘

This can be done by substituting appropriate values for Yo, Ur and Ae into
equation (3) and solving it tw ce, once for q. and once for g Equation (4)
can now be restated as,

INCVAL = TOTWTP - TOTWTP . (3)

(r,s) s r

Usi ng the nean val ues of YO , '.Jr, and Ae from our survey to solve equation for a
change from boatable (q_=2.3) to fishable (qs=3) yields an estimte of
INCVAL(r s) of $79. This estimate is alnost identical to our actual observed

in-sanple value of $80. Use of this valuation function to estimte the

mar gi nal benefits of other water quality changes is straightforward. 4

Val ui ng Subnational Water Quality Changes

A nore anbitious use of this valuation function is to value the narginal
benefits of water quality changes in a local area where less than all of the
water bodies in an area are valued. To do this three unknown multiplier
functions are needed. The population nultiplier (POPM is sinply the size of
the popul ati on whose values for freshwater quality will be aggregated in order
to obtain the local estimate. The second multiplier, percent |ocal water

benefits, PLWBM describes what percent of the WP amount described by the

4. The water quality change of interest nust be translated into initial and
subsequent levels on the RFF water quality |adder. See appendix B for
details of how to perform this mapping.

2-4



national valuation function is intended to apply to the entire subnational
geographi c area under consideration. The third nmultiplier is area water
change, LWACHM which describes how WIP changes as a function of the quantity
of water in the local area being changed. Using these multipliers allows
househol d aggregate WIP for a change from Q. to qg in a local area,

AGINCVTP to be defined as,

(r,s)’
qS

AGINCVTP(r s) = POPM * PLWBM * LWACHM * [ f(qi, Y, Vv, A | qo) dq, (6)

Q r e

de

where the expression behind the integral in equation (6) is taken from equation
(1). Operationalizing equation (6) will require values for POPM PLWBM AND
LUACHM  We now turn to a discussion of the problens involved in arriving at
def ensi bl e deci si ons about the magnitude of these nultipliers.

POPM There are two basic approaches to defining the relevant popul ation,
PCPM where the water inprovenent to be valued involves water bodies which
constitute a portion of a state's total freshwater. The first is to have
everyone in the state pay for the inprovement. This approach would be nost
appropriate when both people and water bodies of given quality levels are
uniformy distributed across the state, and is formally consistent with the
data gathered in the NWBS where we used "state" to refer to their local area
when we asked people to apportion their national WP amounts between their
| ocal area and the rest of the nation. However, to the extent that there is a
di sproportionately large percent of the state's popul ation near the rel evant
wat er bodies and the water bodies thenselves constitute a disproportionately
smal | proportion of the state's water, this approach will tend to underestimte
the true benefits. The converse will be true if there is a | ow percentage of
the state’'s population and a high percentage of the state’s water in the
affected “local” area.
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The second approach is to restrict POPMto those who reside within a
specified sub-state area near the relevant water bodies. This approach assumes
that people are nore concerned about the water quality in their area than water
quality in other parts of the state and is perhaps nore intuitively plausible
than using the state as the popul ation. It is also consistent with Sutherland
and Wal sh’s (1985) finding for a Montana water-based recreation site that the
WP anounts for the site declined with their respondents’ distance fromthe
site and with Greenley, Walsh, and Young's (1982) finding, in their study of
water quality benefits for the South Platte River Basin in Colorado, that
alnost all of their |ocal respondents WIP for water benefits for state
i mprovenents were given to the South Platte.

PLMBM  The second multiplier is the percent of the national anount to be
applied to the regional situation. CQur survey provides some useful information
about this nultiplier. After obtaining their WIP amounts for the several water
quality changes, as noted we asked the respondents to apportion their WP
anounts between state water quality inprovenents and inprovenents in the rest
of the country. Respondents, on average, wanted 2/3 of their WIP anbunts to go
to inprove local water quality. The median proportion was al nost the sane,

We used “state” in this question because our pretests reveal ed that |ocal area
nmeant different things to different people whereas the term state was

uni versally understood. W also observed during the pretesting, however, that
the “local” and “state” percentages did not vary too nuch from each ot her,
particularly if the respondent tended to define the local area as being
regional in scope. Gamich's study of the Charles River in the Boston area is
al so consistent with our estimate of the appropriate magnitude of the PLVBM
Gamich asked people living in the Charles River Basin what they were willing

to pay for the Charles River and for all waterbodies in the United States. The
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ratio of the WIP anounts for swimmable quality water in the Charles River to
the WIP amounts for all water bodies was .55 and there are several other water
bodies in the Boston area.

This information and the POPM decision offers sonme guidance as to the
appropriate PLWBM coefficient as it suggests that this multiplier should be no
higher than .7 for a statew de water inprovenent. Wen a snaller area is
involved it may be reasonable to consider snaller values. |f the area is not
too small and is self-contained, such as a river basin, it could be argued that
.5 is a reasonable |ower bound for the nultiplier. However, if the area is
smal ler than the area where people perceived nost of their freshwater
substitutes to lie, a nuch smaller value of PLWBM may be possible. This
suggests that use of the valuation function is best restricted to river basins

or portions of river basins which are relatively self-contained.

LWACHM  This rmultiplier describes how AGI».\IL'»JTP(r ) changes as a function

of the change in water quality being contenplated relative to the change
represented by the NMBS for the local area. LWACHM can be defined as

Perceived quantity of area water

affected by proposed (BOAT,FISH policy
LWACHM = h [ ]

Perceived quantity of area water

affected by (BOAT,FISH change in NVWBS.

There are three inportant things to note about this function. First, areais
defined by the choice of POPM |If POPMis the state, for exanple, then the
local area water is the freshwater in the entire state. If POPMis that of
several counties, then the freshwater in those counties will be denoninator in

the LWACM expression.
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Second, it is based on the respondents’ perceptions about the changes
rather than the actual water conditions. Beyond the standard inplication that
it is perceived changes rather than actual changes that make agents better off,
there is the further inplication that we need to know how respondents conceive
of local water. Do people perceive the relative anount of water being changed
in terns of surface acres, bank feet, volume, or in some other fashion? In the
absence of information about what people have in their mnds when they think of
the freshwater in a reasonably sizable local area, we will assune that people’'s
conception of freshwater in their area is domi nanted by the larger, well known,
water bodies in the area. If this is indeed true, then a potentially useful
obj ective measure of the anmount of water in an area is the definition used by
t he Census Bureau which is known as “census water.” This is defined as the
surface acres of water in all |akes over 40 acres in size and in all streans
over 1/8 of a mle wde.

Third, this function is potentially nonlinear. Only in the special case
where average valuation is equal to nmarginal valuation of water quality
i mprovenents over the change considered will LWACHM be a linear function of the
relative percent of water involved in the change. As it turns out, the data we
presented in chapter 1 for one of the two partial inprovements we asked our
respondents to value is relevant to marginal changes in the percent of inproved
water. This partial inprovenent was valued by asking the respondents how much
i mproving 95 percent of the water from boatable to fishable was worth to them
conpared to their values for inproving 99 percent of the water. CQur findings
indicate slightly increasing marginal valuation for the last renaining
percentage inmprovenents. The effect is not |arge, however, and is confounded
to some degree by our statenment that the water not inproved would be in

popul ated urban areas. And our pretests which inquired about the difference
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bet ween 99 percent and 100 percent inprovenents, suggest that respondents do
not regard noving the last small portion of freshwater to a higher level as a
highly synbolic and therefore highly valued act. This would rule out the
extrene increasing marginal valuation of the type found by Brookshire, Schul ze,
and Thayer (1985) for air visibility in the Gand Canyon. W conclude on the
basis of this admttedly scanty evidence that marginal and average may be
approxi mately equal over a fairly large (and the nost relevant for policy

pur poses) range.

CALI BRATION W TH THE MONONGAHELA DATA

W have enphasized the problems involved in applying our valuation
function to local area water quality inprovenents. The study design for the
NVBS was oriented towards a national water quality policy whose goals are to
raise all of the nation’s waterbodies to the boatabl e-fishabl e-swi mmabl e | evel .
The rel ationship between intermediate inprovenents in a particular river and
what the respondents in our sanple were valuing is necessarily uncertain. In
order to assess the validity of our approach, we need to conpare estimates for
a local area inprovenment based on our valuation function wth independently
neasured benefit estimates for the same inprovenent. The Desvousges, Smith,
and MG vney (1983) (DSM CV study of water quality in the Monongahela River
Basin offers such an opportunity. DSMs study was quite simlar in design to
NWBS and thus offers the opportunity to calibrate our valuation function for
| ocal use and to make sone firner recommendations on appropriate nultiplier
definitions and val ues.

DSM conducted a CV study in 1982 to value water quality changes in the
Pennsyl vania portion of the Mnongahela River and its tributaries. The

Monongahel a river runs fromthe West Virginia border north to Pittsburgh. At
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Pittsburgh the Mnongahela is joined by the Al egheny River, whose watershed is
nort heast of Pittsburgh, to formthe Chio River which runs west. DSM used
personal interviews of a stratified random sanple of residents in the five
Pennsyl vani a counties through which the Mnogahela flows. Their study was
designed to test the effect of different elicitation formats, so the sanple was
di vided into equival ent subsanples, each of which received a different
elicitation method.

O particular inportance to the conparison we report here is the fact that
DSM adopt ed our water quality |adder; the use of the boatable, fishable,
swi mmabl e quality levels; and our paynent vehicle of higher taxes and prices in
their scenario. This greatly assists nmaking the conparisons between our val ues
for a change fromboatable to fishable for national water quality and the ones
they obtained for the same change in the Mnongahel a.

DSM defined the water bodies they wished their respondents to value as
foll ows. First they asked their respondents to | ook at a map of the area and a
list of 29 recreational sites, fifteen of which were on the Mpnongahela River.
The remai nder were on the Allegheny River. A nunber of these sites involve
portions of the rivers which are | akes created by Corps of Engineers dans.
After obtaining information about the respondents’ use of these sites for
recreation, the respondents were told to restricted their values only to the
Monongahel a River and its major tributaries in Pennsylvania and to assume that
the water quality at the other sites on the list (the 14 Al egheny sites)
“stays the same as it is now” They specifically invoked both use and
exi stence values for the river. Then they specified their interest in the
quality of the river as a whole -- in other words, the minimumaquality |evel.
Finally they asked their respondents to value the same series of inprovenents
as we did in the NMBS, (1) to maintain boatable, (2) to go fromboatable to

fishable, and (3) to go from from fishable to sw nmabl e.
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Figure 2-1 MAP OF PENNSYLVANIA SHOWING FIVE COUNTY MONONGAHELA RIVER AREA
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As shown in table 2-1, DSM found a INCVAL(BOAT,FISH) for the Mpnongahel a
whi ch ranged from $15.9 to $36.9 per year. The |ow value was obtained in a
bi ddi ng game using a $25 starting point and the high value was obtained in a
bi dding gane with a $125 starting point. Their payment card treatment, which
most closely parallels the elicitation format used in NWBS, found a nean WP of
$29.30. Using YO=SZO.88 and Qr=.56 fromDSM s study and the national val ue of
.65 for Ke, and eval uating equation (4) for the boatable to fishable change

gives us an estinated INCVAL of $68.29 for a household s (with these

(BOAT, FISH)
characteristics), wllingness-to-pay for an incremental national change of this
magni t ude.

Table 2-2 presents basic information about the five county area included
in DSMs sanpling plan and figure 2-1 shows its location in Pennsylvania.
According to the 1980 census, the population in the five counties consists of
827,536 househol ds while the state popul ation consists of 4,219,606 househol ds.
It woul d appear, fromreading DSMs scenario (including the visual aids), that
their respondents may have believed that approximately 50% of the freshwater in
the five county area would be affected by the changes they were asked to val ue

b

in Monongahel a basin water quality.~

5. Respondents in their survey were handed a card which divided the water in
the area approximately equally into the Alegheny and Mpnongahela river
syst ens.
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Table 2-1 DSM s Contingent Valuation Estimates of the Value of a Change
from Boatable to Fishable Water Quality in the Mnongahela R ver

Mean
Annual WP Mean Annual
Per househol d Aggregate WIP
Met hod N (Standard Devi ation) ( Range)
Iterative bidding,
$25 starting point 58 $15. 90 $13, 158, 000
($15. 50) (9,856,000 to
16, 460, 000)
Di rect question 51 17.60 14, 565, 000
(32.10) (7,282,000 to
21, 847, 000)
Paynent card 54 29. 30 24,247,000
(49. 30) (13,628,000 to
35, 114, 000)
[terative bidding,
$125 starting point 48 36. 90 $30, 536, 000
(49.50) (18,951,000 to
42,122, 000)

Desvousges, Smith, and M:Gvney (1983. p. 4-32). Protest bids and outliers are
excluded from these data.

If an objective measure is desired, we can use the previously nentioned
Census Bureau definition of water area which includes ponds and |akes over 40
acres and streanms and canals at least 1/8 of a nmile wide (U S. Bureau of the
Census, 1967).6 Based on conservative estimates nade from very |arge county
water maps, a low estimate of the Mnongahela River systenis percent of the

census water in DSMs 5 county area is ... This estimate excludes the GChio

6. For a useful conpilation of definitions of state recreational water
availability see Dyson (1984).
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Ri ver

in Allegheny County.

The per county estimates are given in table 2-3.

If the Chio River in Allegheny County is included, the Mnongahela River system

woul d constitute roughly 50 percent of the census water in the five county

ar ea.

On a state basis,

as shown in table 2-3, the Mnongahela constitutes 1.5

percent if the 24 percent five county figure is used and 3.3 percent, if 50

percent of the census water in the five counties is considered to be affected.
Table 2-2 Census Water and Popul ation Data for Five Counties and
the State of Pennsylvania
Five Counties
Five Counties Pennsyl vani a as % of Pa.

Total census water

(thousand surface acres) 4.02 269.5 1.5
Household  Popul ation

(t housands) 828 4219 20.0
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Tabl e 2-3 Census Water Estinmates for Mnogahela River and for
Five Pennsylvania Counties

Monogahgla Tot al fog Monogahel a
River County Per cent
County (1,000 acres)
Al | egheny 1. 20 8.6 14%
Fayette .99 3.0 33
G eene .54 .6 90
Washi ngt on 1.05 2.1 50
West nor el and .24 2.4 10
Tot al 4.02 16.7 24
SOURCES
a. Monongahel a area estinmate based on hand neasurenent made on maps for
each county contained in appendix to Green International, Inc. (1979).

In making these estimates it was assumed that the Mnogahela is 1/8 of
a nmle wide throughout its length and that the Chio and Al l egheny
Rivers, are 1/4 mle wide. \here rivers run along a county line, half
of the water surface in the river is accounted to each county.

b. Census water surface area neasurenent from 1982 National River
Inventory table for Pennsylvania (July 1984).

We are now able to use equation (6) to estimte water benefit values for
the Mnongahela under a variety of assunptions as shown in Table 2-4. The
improvenent we will examine is from boatable to fishable quality. This is the
nmost conparabl e i nprovenment to use because the present level of the Allegheny
Ri ver, according to DSM is fishable. In the case of each set of assunptions,
the INCVAL is constant at $68.29. The first six estimates are all based on
defining POPM as the number of 1980 census households in the five county area
in Pennsylvania through which the Mpnongahela River runs and which constituted
the population for DSMs CV survey. Two levels of PLMWBM the proportion of the
nati onal WP anount to be applied to the local area, are used. The first, 67
percent, seens to us to be the upper bound for this value and the other, 50
percent, the |ower bound.
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Three levels of the nmultiplier for how the val ue changes as a function of
the change in water quality being contenplated relative to the change
represented by the NWBS for the local area, LWACHM are provided as this is the
most problematic nultiplier to specify. A value of 1 is the maxi num plausible
value. Recall that people in DSMs study were told to assume that the
Al l egheny River would remain at its present level of quality irrespective of
the changes the people were asked to value in the Mnongahela. The maxi mum
val ue woul d be indicated if people saw the Allegheny River system as being of
much hi gher quality than the (BOAT, FI SH change being val ued for the
Monongahel a and if they regarded the Mnongahela as constituting the bulk of
the water in their local area. Perhaps nore likely, based on objective
criteria and on the inpression conveyed in the DSM survey, people viewed the
two river systems as being approximately equal in size and in water quality.
This suggests a LWACHM val ue of |less than one and one determined to a large
degree by the ratio of the perceived quantity of the area’s water affected by
the DSM (BOAT,FISH policy divided by the perceived quantity of water in the
area. A value of .5 would be indicated of people perceived the Mpnongahela as
constituting around half the local quantity of water affected by the
(BOAT, FI SH change proposed in the NWBS. This is what the DSM scenario
appears to inply, but does not directly state. A nore conservative val ue of
.24 would be consistent with some of the physical neasurements of water
quantity depicted in table 2-3.

The state based POPM cases are presented for conparison only, as the even
distribution assunption necessary to use the entire state in this manner does
not characterize this case. The five county area has 20 percent of the state

popul ation and at mpst only 3.3 percent of its census water.
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The annual aggregate WP anmpunt which we estimate for the five county area
on the basis of our national valuation function and the conbination of various
mul tipliers ranges between $7 and $37 million dollars. Table 2-1, which
summari zed the findings obtained by DSM for the boatable to fishable change,
gives a |l ower bound of around $9 mllion and an upper bound of $42 nillion
The range for their payment card version is $14 to $35 mllion dollars.

Clearly, our estimates fall well within the range obtained by DSM More
specifically, if we consider the DSM best estinate (based on the paynent card
mean) to be around $24 nmillion. W can use it to assess, in a rough sense, the
validity of our nultipliers. On a priori grounds, our nost plausible set of
multipliers are POPM = 827,536, PLWBM = 0.67, and LWACHM = 0.5. This yields an
estimate for the boatable to fishable change in the Mnongahel a River system of
approxi mately $19,000,000. DSMs data woul d suggest that the 0.5 LWACHM
multiplier is to be preferred to the .24 nultiplier, and that setting LWACHM
equal to approximtely .65 would result in a close to perfect fit between the

t wo nurrbers.7 This inplies that LWACHM may be a slightly increasing function
of the affected water ratio or that the public places a higher prem um on
brining the lowest quality water up to standard. This is an enpiricial

question and could profitably be the focus of future research

7. DSMs data also provide further support for our earlier contention that the
st at e-based POPM approach was likely to be inappropriate
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Table 2-4 Estinmation of the Value of a Change from Boatable to Fishable
Water Quality in the Mnongahela Derived by the Valuation
Function Under Various Assunptions

Annual Aggregate WIP

POPM PLV\BM LWACHM MARVAL (Per Househol d)
0. 67 1.0 $68. 29 $37, 863, 000
($45. 75)
Fl VE 0.67 0.5 ! 18, 932, 000
COUNTY (22.88)
(827,536 0. 67 0.24 " 9, 087, 000
househol ds) (10.98)
0.5 1.0 " 28, 256, 000
(34.15)
0.5 0.5 " 14, 128, 000
(17.07)
0.5 0.24 " 6, 782, 000
(8.20)
0.67 0. 068* " 13, 214, 000
(3.13)
PENNSYLVANI A
0. 67 0. 033+ " 6,371, 000
4,219, 606 (1.51)
househol ds
0. 67 0.0156@ " 3,012, 000
(.71)
* Based on Total Census Water in 5 Counties

State Census Vater

+ Based on Total Census Water in 5 Counties
State Hatchery Fish Need Estinate

@ Based on One Half of Census Water in 5 Counties
State Hatchery Fish Need Estimate

The State Hatchery Fish Need Estinate is an estimate, nade in 1965, of the
acreage of water, excluding the segnent of Lake Erie bordered by Pennsyl vani a,
which can be utilized for recreational fishing. This is a |lower estimte of
the freshwater available for recreational purposes.
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Concl usi on

The val uation function which we have obtained from our national water
quality survey allows the estimation of marginal changes in water quality using
the mapping provided by the RFF water quality ladder. It is based on a fairly
sinmple, theoretically plausible, nodel which provides a good fit to the cross-
sectional NWBS data

The outcone of our attenpt to use the valuation function fromour nationa
study to estimate the benefits of the boatable to fishable water quality
i nprovenent in the Monongahela River that DSMvalued is quite positive. our
aggregate estimates, based on reasonably plausible nultipliers resulted in to
aggregate estimates that coincided quite closely with those estimted on the
basis of DSMs WP ampunts. This is inportant evidence for the convergent
validity8 of our NWBS and adds to the credibility of both our study and
theirs.

Qur success in predicting DSMs results also lends credibility to the use
of our valuation function to value local inprovements. W wish to reenphasize
however, the problematic nature of this enterprise and to urge appropriate
caution in its use for this type of purpose. The valuation function requires
the use of the several multipliers and the grounds for choosing the particular

multiplier values are still largely arbitrary

8. Convergent is one of several types of validity (Mtchell and Carson,
forthcom ng, chapter 8). It concerns the correspondence between a neasure
and other neasures of the sane theoretical construct. To the extent that a
correlation exists -- the measures converge -- the validity of each measure
is confirned
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A NOTE ON RECREATI ON DAY VALUES

W conclude this chapter by examining the WIP ampbunts given by respondent
househol ds who use freshwater for recreation in additional detail. The NWBS
obt ai ned consi derable information on the water-based recreational activities of
every nmenber in the respondents’ households. Although the NWBS was not
designed to obtain activity day estimates, we can cal cul ate what are probably
best described as “pseudo” unit day recreation values. Qur purpose in doing so
is to conpare themwith the available values in the recreation literature. A
rough correspondence will be taken as further evidence for our study’'s
convergent validity.

Qur procedure is to subset our data set so we can exanmine the follow ng
pairs of respondents: (1) those whose househol ds contain one or nore menbers
who have boated on a freshwater body at |east once during the previous year vs.
t hose whose households do not contain a boater, (2) those with one or nore
fishermen vs. those without a fisherman, and (3) those with one or nore
swinmmers vs. those without any sw mmers.

One possi bl e approach would be to regress WP for the boatable quality
| evel on the nunber of household recreation days plus other househol d
characteristics such as inconme and to repeat the procedure for fishable and
swi mmabl e WP armunts.9 This approach does not work because it often results
in negative marginal values for days simlar to those found by Vaughan et al.
(1985). There appear to be two reasons any this happens in our data. First,

there is a fair amount of nulticollinearity between |ow incone and the nunber

9. There are two possible neasures of WIP for fishernmen. One would be the
anount to go from bel ow boatable to fishable, the other would just be the
boatable to fishable increnent. The former woul d be based on the
assunption that those who wish to fish mght be willing to pay for the

lower quality level because it raises the water closer to the fishable
| evel .
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of days of water based recreation. A number of poor folks do a lot of fishing
Second, and related to the first factor, we had a small nunber of househol ds
who engaged in a very large nunber of recreation days but had a $0 or snal

WIP.

W abandoned the margi nal approach as unworkable in favor of what nmght be
called the average approach. Qur procedure in making the follow ng estimates
was sinply to divide the WIP anount for the relevant increnental inprovenent by
the number of recreational days at that level. The means, nedians, and ranges
as well as information on the nunber of recreation days of each type is given
intable 2-5. Qur procedure is not only sinplistic, it also suffers from many
probl ens such as the fact that our respondents undoubtedly engaged in multiple
activities on the same day. Nevertheless, our values are clearly within the
range of those reported by Loonmis and Sorg in their critical summary of
enpirical estimates of the values of recreation. W take this correspondence
as an additional, albeit very rough, indication of the convergent validity of

our national benefit estimates for freshwater quality inprovenents.
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Table 2-5 Average WP Amount Per Waterbased Recreation Day* for NABS
and Loom s and Sorg for Different Types of Water Based Recreation

Boat i ng Fi shi ng Swi_mmi ng
NVBS
No. of trips
Mean 24 24 48
Medi an 10 12 20
Range 1-202 1- 354 1-710
I ncrement WP
Mean $16. 30 $11. 97 $13.11
(SEM (2.43) (1.32) (2.87)
Medi an $4. 17 $2.50 $1. 22
Range $0- 313 0- 250 0- 500
N 195 225 228
Boating and Cold and Warm
M xed Water Fishing Wat ersports
Loom s and
Sor g** $6- 34 $8- 37 $10- 27

* Any day where respondent or nenber in respondent’s household engaged in
boating, fishing or swinmming in any freshwater body. No effort was nmade to
determ ne the number of hours in which the person engaged in this activity.

** (1982) Activity day values based on review of nunerous studies. Values are
updated to 1982 dollars.
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Chapter 3
THE USE OF SI MULATED PQOLI TI CAL MARKETS
TO VALUE PUBLI C GOODS

An inmportant question for CV studies of pure public goods, such as
national water quality is the validity of the estimates. In the previous
chapter we exanined sone evidence for the convergent validity of the NWBS
estinat es. In this chapter we report the findings of a study we conducted to
explore this issue in a sonewhat nore indirect fashion. The study was a
t el ephone CV survey conducted in California to value a programto inprove the
quality of the state's freshwater bodies. This program involved a bond issue
whi ch was presented to the state electorate as a referendumin the Novenber
1985 election. Qur survey was conducted six. weeks prior to the election. In
it we: (1) sinulated the referendumin an attenpt to predict the vote and (2)
used a new nethod to obtain WIP anpunts for different tax prices. An inportant
prem se on which the study was based is that the appropriate nodel for CV
studies is political markets rather than consumer goods markets.

In what follows, we first discuss the rationale for a political market
nodel . W then propose a new approach to CV studies in which a referendumis
simulated at different tax prices. This nethod uses a take-it-or-leave-it
elicitation nmethod with a single iteration, a procedure which is particular!?
appropriate for telephone surveys. W next present the findings from our
application of this nethod in a survey designed to predict the outcone of the
California vote on Proposition 25 in the Novermber 1985 el ection. W concl ude
with a discussion of the inplications of this study for the contingent

valuation method in general and our NWBS in particular.
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THE REFERENDUM MARKET MODEL FOR CV STUDI ES

Until recently, it was assuned that the market which CV surveys shoul d
enulate is the private goods consumer narket. In its pure form,1 such a
nodel enbodies the notion of a consumer with realized tastes whose purchase
deci sions are based on a full understanding of the available alternatives
based on prol onged experience in the market (e.g., Bishop and Heberlein
1979). An alternative framework which has received support from some CV
resear chers, 2 is provided by the political market model. There is a
consi der abl e body of theory devel oped by economi sts and political scientists
(e.g., Deacon and Shapiro, 1975; Enelow and H nich, 1984; Bergstrom
Rubenfel d, and Shapiro, 1982; Langkford, 1985) on these markets. The form
nmost relevant to the CV method is the referendum where the voter is faced
with a one-tinme (or at best with a very infrequent) choice on a predeterm ned
pol i cy package to which she nust vote yes or no.3 Here the behavior to be
predicted by a CV study would be how inforned voters would actually vote if
the proposition to provide the anenity was actually on the ballot. The voting
deci si on suggests a nore conplex, and sone (e.g.. Mrgan, 1978) would say a
more realistic, nodel of decision making than the one inplied by the idealized
private goods market nodel. Instead of assuming that people express

preexisting well-realized preferences, this nodel assumes that people make

1. Market researchers (Bettman, 1979) have |ong recognized that nany
purchases are infequently nade and that the information people gather
prior to purchase decisions differs greatly depending on the purchase
situation, the type of good, and their past experience

2. See Ridker (1967); Cunmings, Cox. and Freeman (1984); Lareau and Ray
(1985); Randall (1986b); and Cummings et al. (1986).

3 Inwvirtually all states voters may vote on binding propositions placed on
the ballot by state legislatures, and cone states provide for advisory
referendunms as well (Magleby, 1984: 1).
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choi ces which are influenced by multiple notives, by contextual factors, and
by less than perfect information

Several aspects of referenda recommend them as an appropriate nodel for
CV surveys. First, referenda are actually used as a nechanismto enable
citizens to make binding decisions about the provision of public goods such as
a new school building or a water pollution control programto be financed by a
bond i ssue. Second, the voter's decision in a referendum has clear econonic
implications for his household which will have to bear its share of any cost
inplied by the proposal if it passes. Third, it is a plausible choice
framework for respondents. They are likely to be famliar with its nethod of
operation and its use in the political system Finally, a referenda node
lends itself well to the survey setting. A ballot, after all, is sinmlar to a
mul tiple choice questionnaire, and political polling to predict election

outcomes is a well recognized feature of public life.

SI MULATI NG REFERENDAA
Econom sts are interested in the demand curve/function for a public good
as a function of price, a relationship which is often sunmarized in terns of

an elasticity estimate. The appropriate elasticity nmeasure in the case of a

4. W note here the work which has been the nost influential in devel oping
this synthesis. From the public finance literature, Bergstrom Rubinfeld.
and Shapiro (1982) for their use of survey data as a surrogate for
observing individual votes in a referendum for their use of nore than one
sinple yes/no question, and for their ability to estimate fairly precisely
a price elasticity. Fromthe contingent valuation literature, the work of
Cummi ngs (Cunmings, Cox, and Freeman. 1984 Cunmings et. al., 1986) which
advocat ed noving toward sone type of spring nmechanismto naeke the
Wi | |ingness-to-pay decision mre concrete. From the biological statistics
literature Cox (1970) and Finney (1978). W also note a particular
intellectual debt to Bishop and Heberlein (1979; 1980) who used a discrete
choice format to elicit WP anounts in a different context and for a
different purpose.
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ref erendum descri bes how the percent of voters willing to vote for a given
proposition changes with a percentage change in tax price. Letting V stand
for the percent of the voters who are willing to vote for the referendumand T
for the tax price, we can define the tax price elasticity of voter approval

as,

aln(V )
v " aln(Tp) ’ (1)

where In represents the natural Iogarithm5 This definition is somewhat
unusual since it is defined over the population of voters rather than an
i ndi vidual or median voter. 6
In what follows we propose a nmethod of estinmating the demand for a public
good which is a synthesis of several research approaches: the public finance
tradition of examining referendum results, the contingent valuation tradition

of asking people directly about their willingness to pay, and, in particular.

the biological tradition of estimating dose-response relationships.

The Response to a Stinmulus: Referenda Voting and Bioassays

Even though the termelasticity is infrequently used in the bioassay
literature, the researcher doing a bioassay is attenpting to neasure sonething
directly anal ogous to a demand curve posed in terms of the voting population

. 7 . . .
and a tax price. In a classical bioassay, a large number of test specinens

5. T _can be replaced with a continuous function which describes different
t8x prices for different menbers of society rather than a flat tax price
which is assuned for convenience here.

6. See Peterson (1975) for an exanple of the |atter approach.

7. Finney (1978 and earlier editions) is a fairly conplete source for
information on bioassys. The focus of Cox (1970) may be nore famliar to
econom sts working in discrete choice situations. See also Finney (1971)
and Mead and Curnow (1983).
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are randomy assigned to a small nunmber of groups. Each of these groups is
then exposed to different levels of the same stinmulus (usually a poison or
hazardous condition). The nurmber of animals in each group responding to the
stimulus (usually by dying) is counted and the percentage responding
calculated. These percentages are then plotted against the |evel of the
stinulus and a curve statistically fit to these points. The location estimte
of primary interest is usually called the LD50 for the lethal dose where it is
estimated exactly 50% of the specinens would die.8

To draw out the analogy, tax price is the stimlus and the percent
willing to vote in favor is the response. The LD50 point is the nininum
response necessary for the referendumto pass which is the highest tax price
at which the median voter would vote to pass the referendum In order to
estimate the demand function all we would theoretically have to do is expose
sonme different groups of voters to randomy assigned different tax prices,
observe the percent who say they would vote yes on the referendum and record
this percentage and its acconpanying tax price

In actuality, one must go out and survey representative sanples of the
voters at different tax prices in order to obtain the desired estimate since
they are not available in our “lab” for random assignnent. The differences
between a controlled experinent and random sanpling are, however, not as great
as one might expect and we will show nowit is possible to conbine the two.9

Anot her difference, which is nore of a challenge, is that the random el enents

in a sanple survey are considered to occur through the selection of particular

8. The term ED50, for median effective dose, is now frequently used to denote
the location where 50% of the specinens would respond since experinents
where death is not the expected response are now common.

9. Fienberg and Tanur (1985) develop the parallels between experinenta
design and sanpling techniques.

3-5



i ndividuals rather than through random responses to the stinulus by those
selected individuals. This difference is inportant and we will return to it

after discussing double sanpling.

Sanpling: Sinple, Stratified, and Double

Because the human popul ation we are interested in is |ess heterogeneous
inits response patterns than are fruit flies and pure strains of white |ab
rats, large gains in efficiency may be obtained by changing from sinple

10 Consider a variable Y which

random sanpling to stratified random sanpling.
takes on two values, say the presence (Y=1) or absence (Y=0) of a particular
characteristics. W are interested in the estimted percentage, P, of the

popul ation with this characteristic. U

If we take a sinple random sanple of size n, Pis estimated by

_ n
p=1/n L v, (2)

If an indicator variable 1=1,2 is available and the VAR(Y|I=1) £ VAR(Y|I=2),
it is possible to define two strata based on this indicator variable. Gven a
maxi mum avai | abl e sanpl e size of n and equal costs for sanpling units when |=1
and 1=2, the optimal (Neyman) allocation of n is proportional to the nunmber of
units in each of the ith strata (Nl‘ N:) and the variance of each stratum so
t hat

MNP

n, = ’ (3)

1 ———

. f
NiWP19 - oy

10.  Under sinple random sanpling each individual in a population has an equal
chance of being chosen to be interviewed for the survey. Cochran (1977)
is a good source for information on different sanpling schenes.

1. We will follow the convention that population values will be denoted by
capital letters while sanple values and statistics will be denoted by
| ower case letters.
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wher e q; = 1- p;.

n The stratified sanple estimate of P is

N.p, N,p
- 171 272
pst = N + N ’ (l‘)

wher e 51 and 52 are calculated within strata in the sane manner as the
estimator for sinple random sanpling in EQ (1). The gain in efficiency of

st p__ over pis greatest if all the units for which Y=0 are in one stratum

st
and all the units for which Y=1 are in the other strata. One attenpts to
choose the variable for stratification that best acconplishes this.12

The variable on which the survey stratification is carried out nust be
visible before the units are chosen. If no suitable variable for
stratification is avail able before undertaking the survey, the double sanpling

t echni que proposed by Neyman (1938) offers a useful aIternative.13

Doubl e
sanmpling represents an extrenely sinple idea. |If a good indicator variable is
not avail able, conduct a large survey using a sinple random sanple; obtain the
i ndi cator variable desired; and then reintervi ew sonme percentage of the
original sanple after stratifying on the indicator variable. In many cases,
doubl e sampling will be nore efficient than a single large sinple random
sanpl e survey which costs the sanme ambunt. Double sanpling is likely to be a
profitable strategy when the gains fromstratification using the indicator

variabl e obtained in the first stage sanpling are very large. The percentage

of respondents to be reinterviewed in the second phase is a function of the

12 W here assune that N, Nl’ and N, are known.

2

13.  Cochran (1977) provides a discussion of double sanpling and relates it to
other sampling techniques. Double sanpling is used frequently in medica
surveys when it is inexpensive to identify a group potentially having
desired characteristics but expensive to test for them  See Deming
(1977) for an exanple.
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variances in the new strata and the cost of a second stage interview relative
to the first stage interviews. Double sanpling also allows one to obtain
unbi ased estinmates of popul ation strata sizes Nl and N2 when these are

unknown, as is often the case.

Efficient Referenda Sinulation

In this section, we propose a method of efficiently sinmulating referenda
based on double sanpling. First, one draws a sinmple random sanmple of voters
and asks each of them whether or not they would vote in favor of a specified
referendumif its tax price to the voter was x dollars. Having obtained a yes
or no response to the x dollar question, this variable is then used as an
indicator for stratification. |If an individual said “yes” to x dollars then
the probability that the sanme individual in the same interview would say “yes”
to any other ampunt |ess than x can safely be assumed to be one. Simlarly,

the probability that an individual who said “no” to x dollars would al so say

no" to any anount greater than x dollars is also one. These two statenents

utilize the weakest variant of reveal ed preference theory--that if a good is
not preferred at one price, it will not be preferred at a higher price and
that if it is preferred at one price it will al so be preferred at any | over

. 14
price.

It should be clear that the variance of the responses of those who

answered “yes” to the x dollar question will be zero if the subsequent tax

14, W are also using the assunption that if asked the same question twice in
the sanme survey (w thout any intervening information) a respondent wll
give the same answer. Biologists, in contrast, assume that |ab aninmals
respond to sone specified level of a stinmulus only in a probabilistic
fashi on. Note Finney's (1978) criticismof a nethod proposed by
Dragstedt and Land (1928) which inplicitly assunmes that if an animal did
not respond to a specified dose, it will not respond to any dose | ower
than that one
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price asked is less than x since these respondents would all answer “yes". 15
From EQ (3) we can see that if there are a relatively small nunber of
respondents who can be reinterviewed, the optinal allocation of these
reinterviews between the two strata (using as the strata indicator variable
the respondent’s answer to the x dollar tax price) would be no reinterviews in
the stratumin which the responses woul d have zero variance and all of the
available reinterviews in the other stratum The allocation depends on

whet her the new tax price was greater or less than x dollars. This scheme can
obvi ously be repeated based on the responses to an initial tax price of Xy
dol I ars and the next tax price of %y dol | ars.

To estimate a demand curve, we need to know the percent in favor at
several different tax prices. Two key questions are: how many different
initial tax prices should be used, and how many followp tax prices can be
used before the quality of the respondents’ answers deterioriate because of
contam nation by the starting point and the nunbing effect of repetitive
questions. There is an obvious tradeoff between, how well we can estinate the
percent age acceptance at a particular tax price and the nunber of different
tax prices for which we can obtain estimates given a fixed sanple size. 16
The larger the nunber of tax prices used and the smaller the sanple size at
each tax price, the less the precision in the estimate of p at that point. In

most cases, the overall sanple size will be linmted by the researcher’s

budget, and it should be realized there are severe response problenms with

15,  This statement also holds for the variance of the respondents who said
“no” to x dollars if the subsequent anmount is nmore than x dollars

16. In cases where the researcher is economn zing by adding questions to a
mul ti purpose “ommi bus” survey, the survey researcher organization wll
pl ace constraints on the nunmber of tax prices and the number of “follow
up questions/reinterviews”.
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asking people a series of very repetitive questions (Mtchell and Carson,
forthcomng). Thus we cannot reconmend using nore than one or, possibly, two
followp tax prices.

We can rule out some parts of the demand curve as being essentially
uninteresting for our purposes, such as referenda with tax prices so high that
they stand no chance of being approved by 50% (or nore) of the voters. 17
Oten the researcher’s interest will lie in the area of a particular proposed

tax price for the public good in question.

AN EMPI RI CAL TEST

California s frequent statewi de referenda offer a useful context for a
natural experiment whereby we first use our method of sinulating referenda in
a survey and then conpare our hypothetical results with the actual outcome of
a referendumvote (at a single tax price) for the same public good. 18
Proposition 25 (“Cl ean Water Bond Law of 1984”) was sel ected as our target
ref erendum because of its relevance to the NWBS. This noncontroversial
proposition, which was put on the ballot for the November 1984 statew de
el ection by an al nost unani nous vote of the state legislature, authorized a 20

year bond issue of 325 mllion dollars largely for the purpose of constructing

sewage treatnent plants. Mich of the noney raised fromthe sale of the bonds

17. This may not always be the case. In particular if the researcher is
interested in mean consumer surplus, estimates of the extrene quantiles
become very inportant, and special techniques nay be called for. W
return to the issue in the concluding section.

18.  Wile California is perhaps unique in the range of topics and frequency
of occurrence of referenda, referenda, particularly on local issues, are
commonly held throughout the country (Mgleby, 1984). The study of
California referenda has | ong been popular with both econom sts and
political scientists. See Wlfinger and Geenstein (1968), Muieller
(1969), Deacon and Shapiro (1975). Lutrin and Settle (1975), Lake (1983).
Conway and Carson (1984).
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woul d be used as the state’s matching contribution for Federal sewage
treatment grants. 19 The principal and interest on the bonds woul d be paid
for out of the state’s general fund. The cost of Proposition 25 to the
average California household is approximtely $4 per year for 20 years after
interest paynments are included. Since the exact distribution of repaynent
obligation is unspecified fromthe taxpayers’ point of view, we have
conveniently assumed a flat per household tax in our simulation. This is
approximately correct if sever charges/utility taxes are used to pay off the
bonds, sonewhat |ess correct if sales tax revenue is used, and too regressive
if the sonewhat progressive state income tax is used. A detailed description
of Proposition 25 was presented in the California voters panphlet (Eu and

Hanm 1984) which was mailed to all California voters before the election. 20

| mpl emrent ati on

W arranged to sinmulate Proposition 25 at different tax prices on a Field
Institute California Poll held in early Cctober 1984. The Field Institute is
a not-for-profit organization, and the well-known California Polls are
conducted for a group of |eading California newspapers and broadcasters as

well as a consortiumof California Universities. The California Polls are

19. This is the fourth bond issue of this nature put to a referendum vote in
California since 1970. The other referenda in 1970, 1974, and 1978 all
passed confortably and authorized a total of 925 mllion dollars in
bonds. Radosevich (1975) provides an analysis of the 1974 referendum
froma political science prospective.

20. it was received by the voters after our referendum sinulation took place.
al though our description of the sinulated referendumin the survey
guestions was based on information given to us by the Secretary of
State’s office which prepared the voter's panphlet. Sixteen other
propositions appeared on the ballot in this election. Proposition 25
received alnmobst no publicity, being overshadowed by the Presidential race
and sone of the other propositions. It received cursory endorsement from
most of the nedia.
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devoted to exami ning issues of national and state politics. In this

particular California Poll, the focus was on the Novenber 1984 genera

el ecti on,

The
(1)
(2)

(3)

(4)

Cur

providing an excellent and realistic context for our sinulation.

topi cs we asked about were:z1

Was the respondent aware of Proposition 25? [ AWARE25].

How did the respondent intend to vote on Proposition 25 given the
brief description of the referendum which would appear on the ball ot
in the Novenmber election? [VOTEREF]

If the referendum were to cost their household $4 a year for 20 years
(the anount inplied in the |egislative analysis contained in the
larger election information panphlet mailed out by the California
Secretary of State's office in md-Cctober), how would the respondent
vote? [ VOTE4]

[ Dependi ng on the response to the question above] How did the
respondent intend to vote on one of three randomy assigned |over
amounts (if the vote at $4 was no) or one of six randomy assigned

hi gher anmounts (if the vote at $4 was yes)? [VOIEl, VOTE2, VOTE3,
VOTE5, VOTE7, VOTE10, VOTEL5, VOTE25, VOTE50]. The assignnment schene
is discussed in nore detail below

The issues we wish to address here are

(a) I's the response to VOTEREF independent of VOTE4?

(b) Does providing the respondent with information on the cost of the
referendum result in reducing the nunmber of “don’t know
responses?

(c) How sensitive is the percent of California citizens who are
willing to vote for Proposition 25 to the cost of that referendum
(i.e., that is the price elasticity of voter approval at
different points)?

(d) What denographic and attitudinal characteristics are associated
with the response to VOTE4 (or VOTEREF)?

sanpl e consists of one thousand twenty-two respondents were sel ected

by random digit dialing sanpling and interviewed by tel ephone. Assuning that

21.

We were able to repeat the first two questions one nonth later on the

California Poll taken immediately before the November General Election.
There was approximately a 15% increase in awareness of Proposition 25
(from 30% and al nmost no change in VOTEREF.
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every California household containing one or nore registered voters has a
tel ephone (listed or unlisted) and that there was no systematic nonresponse
effects, this sanple can be treated as if it was a sinple random sanple. 22

The VOTEREF and VOTE4 questions are fromthis sanple as are the
attitudinal and denographic variables used to answer question (d).

The sanpling design for the VOTEl, VOTE2, VOTE3, VOTE5, VOTE7, VOTELO,
VOTEL15, VOTE25, and VOTE50 questions was based on the six independent
replicates making up the Field California Poll and the response to the VOTE4
question. To estimate the sensitivity of the percentage of California voters

in favor of Proposition 25 to the tax price, the followi ng experiment within a

survey (Fienberg and Tanur, 1985) was conducted. |If a respondent answered

no" to VOTE4, then that respondent was asked one 28 of the following: VOTEL

[would you vote for the referendumif the cost were $1 per year]. VOTE2 [cost
$2 a year], or VOTE3 [cost $3 a year]. " From these responses, the percent
who woul d vote in favor of the proposition at each of the dollar amunts can

be easily calcul ated.

22.  There was a sinple stratification between Northern and Southern
California and some very mnor clustering within tel ephone area codes.
These effects are likely to be snmall due to the broadness of the strata
and low inter-cluster correlations and thus are ignored. A detailed
description of the sanpling plan for this survey is available from the
Field Institute.

23.  The assi gnnent depended on which of the six replicants the respondent was
in, with two replicants each assigned to VOTEl, VOTE2, and VOTE3.

24, There are really three strata. The third being those who stated don’t
know to VOTE4. These respondents are for now considered to be against
the referendum at any price. (The original design called for the "don't
knows" to be treated as "no," but this was not inplenented as intended
during the execution of the survey.) Don't know responses to VOTE4 were
not asked any additional wllingness to vote questions.
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| ndependence of VOTEREF and VOTE4

A political scientist or sociologist would assune that the respondents’
answers to VOTEREF and VOTE4 are independent. In an economist’'s world,
t hough, questions about a person’s wants are clearly suspect unless they are
tied to the cost of fulfilling those wants. W know from past experience that
questions |ike VOTEREF are good predictors of actual outcomes on referenda
[ Magl eby (1984)] .25

VOTEREF and VOTE4 each have three possible responses, “yes”, “no”, and
“don’t know’. A 3 x 3 contingency table can be formed by cross-classifying

the responses to these two questions. This table with the actual frequencies.

as well as row, colum, and cell percentages and marginals is given in table

3-1.

25, Proposition 25 passed in the Novenber election with 73% of the vote.
Studi es of voting behavior in bond issues indicate that many of our
undeci ded voters are going to vote, and that nore than half will vote no
(thus preserving the status quo). Splitting the undecideds 50/50 results
in 75%in favor, 60/40 against results in 73% while splitting them70 - 30
results in 70% in favor. The 95% confidence interval for percentages
this region for this size sanple is roughly plus or minus 3%
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Table 3-1 California Voters' Intended Vote on Proposition 25 (VOTEREF)
and Their Intended Vote G ven That The Proposition
Woul d Cost Their Household $4 Per Year (VOTE4)

VOTEREF VOTE4
Frequency
Cel|l Percent
Row Per cent
Col um Per cent YES NO DON T KNOW TOTAL
597 33 13 643
58.4 3.2 1.3 62.9
YES 95.9 5.1 2.0
71.8 31.1 15.3
62 57 9 128
6.1 5.¢ 0.9 12.5
NO 48.4 44.35 7.0
7.5 $3.8 10.6
172 16 63 251
DONT 16.8 1.6 6.2 24.6
KNOW 468.5 6.4 25.1
20.7 15.1 74.1
TOTAL 83
1 106 8 1022
81.3 10.4 8.3 100.0

Denoting the probability that an individual falls into the ith row and
the jth colum of table | by Pij' we can state our hypothesis fornally:

Hl: Pij = Pi.P.j for all i and ;

Klz P,. /= P, P . for all i and ;.
ij i.7.]

For large n, a test statistic based on the difference between observed and

expected val ues (under Hl) can be defined (Fienberg, 1977). 26

26. The X2 test statistic can be defined as:

rc [observed - expec:i-* ~

Cy erpected

ij ;
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Di f ference Between Percent of Don't Know Responses

Providing a respondent with information on how rmuch the referendum will
cost himor her if it passes should reduce uncertainty about the referendum
and, as such, should reduce the nunber of “don't know’ responses.27 “Don’ t
knows” on a question like this where the outcome (cleaner water) is perceived
as socially desirable are generally of tw types: (1) those who are unsure of
the cost of passing the referendum (2) and those who are stating “don’'t know
instead of stating a “no.” Providing respondents with the cost should renove
much al though not all) of the uncertainty associated with the referenduns
inmpact. Most of the remmining responses wll be of the “don’t know means-no”-
type. This categorization can also be justified using economc theory in
whi ch consuners do not nmake purchases unless the utility gained from naking

the purchase is sufficiently above the utility lost at the margin from

spending the noney. This hypothesis can be stated as

HZ: Dl = Dz
Kz' D1 > DZ’
wher e Dl is the number of “don’t know' responses to VOTEREF and D2 is the

nunber of “don’t know' responses to VOTE4. D, and D, can be thought of as

2
resulting fromdifferent binomal distributions and the test of Hz versus K:

witten in terns of the binonial paraneter 8 where the estimate of 8 is given

27. Don't knows on a question like this where the outcome (cleaner water) is
perceived as socially desirable are generally of tw types: (1) those
who are unsure of the cost of passing the referendum and those who are

stating “don’t know instead of stating a “no”. Providing respondents
with the cost information should remove much (although not all) of the
uncertainty associated with the referendunis inpact. Mst of the

remaining responses will be of the "don't know neans-no" type. This
categorization can also be justified using econonic theory in which
consumers do not make purchases unless the utility gained from making the
purchase is sufficiently above the utility lost at the margin from
spendi ng the noney.
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by D'n. For VOTEREF, el = .2436 (standard deviation = .4306), and for VOTE4,

éz = .0832 (standard deviation = .2762).

Since the binom al distribution has the regenerative property, we can
perform an exact test of HZ versus K,. The probability of the observed

2
outcone under H, is less than .00001, so we reject H,.ZB

Estination of the Price Elasticity of Approva

The statistician analyzing a bioassy generally uses sone form of quanta
response nodel. Usually a logit (In[1/(1-p)]) or a probit, the inverse of the

29 In

standard normal cunul ative distribution response function is assuned.
both cases, the maxinum likelihood estimates can be obtained using iteratively
rewei ghted | east squares and both are menbers of the famly of generalized
linear nodels (MCullagh and Nelder, 1983). W will report only the |ogit
results here. O nore inportance is the functional formfor tax price. Here
bot h bi ol ogi sts and econom sts make two typical choices: | inear or
logarithmic. W will estimate both before assessing the need for other
functional forms. At each of the j tax prices (j=1, . . . , 10) there were 7.
who indicated a willingness to pay out of a possible nj i ndi vi dual . (Ve
consider different ways to define the yr and nj bel ow.)

The likelihood function for the logistic response nodel can be witten

as,

28. As n is large, the normal approximation can also be used. This gives a Z
val ue of 10.15.

29.  None of our observations is in the extrene tails, so it will be
i npossi bl e to distinguish between the two response functions given our
sanpl e size. There are generalizations of the logit/probit curves for
dose response functions which involve estimating additional parameters if
these do not fit the data (Prentice, 1976)
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10

1(pyy) = Elly ln(p /(1-py)) + nyln(l-py )] (5)
Js

were the yj are considered to be distributed binomally with index nj and

par anet er pj. We assune that

LA -

2
g(p) = ln(p /(1- ~P; )) = n, = : 1Jk5k (6)
wher e le is a constant term and sz is either the jth tax price or the

natural 1og of the jth tax price. W can now rewite the likelihood functions

in terns of 8.

10 2 10 2
1(By) = L Ly.x., B, -1Ln .l (1 + e<D(Z < ). (7
j=1 kel jTikTik j=‘ sk

i

The logistic response curve may be fit using many standard statistica
packages. W used GLIM [Baker and Nelder (1978): M Cullagh and Nelder (1983)]
because of its convenient facilities for handling the different binonia

denom nat or s, nj. B is estimated by calculating,

8 = (X'VX)'lx'wz, (8)
wher e
zj=n + 7 -n?
n.p,(l-p.
[ 3P4 Pyl
and W = is a diagonal matrix with el enents (éj(l—ﬁj)/nj)- The covariance
matrix of 8 is given by (X'VX)'l since the scale,cz, of the binon al
- . . . * -].
distribution is assumed to be one. /rnt32)yis distributed N(O, n(X'V¥X) )

-172

plus a bias term of order 0 ), where a is the mnimmover j of the nj

k(0
whi ch goes to zero at the rate of one over the square root of a.
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The number of observations at each price plays a role in the weight
matrix, W as an indicator of the precision with which pj is estimted;
otherwise it only plays a part in estimating the pj' There are three
intuitive definitions we can use for nj. The first, N, is the number of
respondents who were actually asked the VOTEj question. The second, N*, is
t he nunber of respondents who either explicitly or inplicitly answered the
VOTEj question. This is N plus, for VOTEj tax prices greater $4, all the
respondents not willing to pay $4, and, for VOTE, tax prices less than $4, al
those respondents who were willing to pay S4. Qur third definition of n.,
N**  comes fromthe role nj, the group sample size under sinple random
sanpling, plays in EQ (7). The variance of the sinple random sanple
esti mat or ﬁj is [5j(1-§j)]/nj. Qur estimte of pj is obtained using double
sanpling. Its variance is a variant of the stratified sanpling estimator

(Cochran, 1977; 334-335),

VAR(RS (pouble)) = m., -1 n.. - 1 '

wher e plj and ij are the sinple random sanple estimtes of the jth pin
strata 1 and 2 respectively. Wl and 7, are the ratio of the nunber of
observations in strata 1 and 2 to the nunmber of observations in the entire
sanmple (these are the same V j), and 1y, and %5 are the nunber of

. . 30
observations fromthe two strata sanple for the VOTEj questi on.

30. A sinple nunerical exanple may be helpful here. The total number of
interviews was 1022. O these 831 were willing to pay $4 and 191 were

not, so Vl equal s 191/1022 and Uz equal s 831/1022. Blj equal s zero so

the first termof EQ (9) drops out. W asked 127 [02(515)1 in strata
the VOTEL5 question and pZ(SLEE] equal s .803, so VAR(pSl[Double) equal s
(831/1022)%((.803)(1-.803)/(127-1) !
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Allow us to assune for a nonent that nlj and n’j are both greater than 1, in

whi ch case the variance contribution fromone of the two strata will always be

31 Odinarily, one

zero since either plj will be zero or P25 w |l be one.
woul d have to sanple fromboth strata to obtain estinates of P1j and ij‘ e
have relied on reveal ed preference theory for the pj fromthe strata not
sanpl ed thus avoi ding the problemof the zero divisor in EQ (9) for the

strata not sanpl ed. 82

It is possible to set VAR(pj[Doublel) equal VAR (p; [Sinple]) by
. . . . i YARD
substituting P (Doubl ) into the formula for the variance of ARpj (Simple l) S0
t hat
VAR(P} (Doubl €)) = ! Pj (Double)* = P (Doubley’ /™ (10)

and then solve for the n, associated with the p, with this variance.

i (Sinple
This is the appropriate nj to use in the estimati(on ”Ef )t he demand curve.

Table 3-2 displays Py N°, N*, and N***.  N** shows the large increase
in efficiency over the nunber of observations represented by N. Note how the
effect of double sanpling is nost pronounced for tax prices near $4. For
these tax prices, the separation of respondents into two strata of pure types
is most successful. It becones |ess successful as the strata sanpled beconme

nore mxed with those who are willing and not willing to pay the specified tax

price.

3L If VOTE, represents a higher tax price than VOTE4, strata 1 will
contribute zero to the variance estimate since p., is always zero, and if
VOTE, represents a lower tax price than VOTE4, stfata 2 will contribute
zerolto the variance estimate since 2,. 1S always one.

32. A Bayesian interpretation can be used if desired.
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Table 3-2 Percent in Favor of Proposition 25

Tax Price Percent in Favor N NE* N
T -89 28 926 302
2 .87 38 936 604
3 .85 40 938 1005
4 .81 1022 1022 1022
5 .76 146 337 682
7 11 144 335 391

10 12 144 335 421
15 .65 127 318 213
25 . 595 127 318 260
50 .48 136 327 210

The results presented below are for N** since this is the correct definition
of effective sanple size. The results with N* and N** are given in footnotes
and are very simlar. Ln(price) as the stimulus variable provides a better
fit to the data than the nodel with linear price. For the logit equations,
the price nodel has a % of 69.74 (df=8) while the In(price) nodel has a < of
8.38 (df=8).33 Since the scale of the binomal distribution is one, the
expected val ue of Xz, if the nodel is appropriate, is 8, indicating that the
In(price) nodel fits well while the linear price nodel does not.

This can best be seen graphically. Figure 3-1 is graphed in the manner of
a bioassay to enphasize the nature of tax price price as the stinulus variable
under the researcher’s control. The In(price) nodel fits the data everywhere
while the linear price nodel cannot really be said to fit the nodel well in

34

anything but a very small region. The actual points are marked with snall

boxes.

33, The % statistics for the N* are 2.36 and 16.47. and 7.31 and 89.76 for
the N** nodels, where the larger nunber in both cases is for the |inear
price nodel
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Figure 3-1 TAX PRI CE BY PERCENTAGE OF YES VOTES
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The estimated equation is
E[ln(pj)/(l - pj)] = 2,256 - .6010*ln(price) , (11)

where the asynptotic standard error of the intercept termis .0758 and the
35

asynptotic standard error of the In(price) termis .03757. The tax price .
elasticity of voter approval €, can be defined here as:
' eKP(XkB)
BL(XRB)/ an = _—_—”—(leexp(xka))v’ Sk’ (12)

where L( ) is the logistic function and % is the variable of interest [here
In(price)]. Using the coefficients from EQ (10) and evaluating EQ (11) at a
tax price of $4, gives a point estimate of €, as -.1821.  The approximte 95%
confidence interval for €, is -.1714 to -.1902. 36 Figure 3-2 displays the
actual demand curve for the public good represented by Proposition 25 as a
function of price in the traditional economc manner with price on the

vertical axis and quantity on the horizontal axis. This demand curve | ooks as

if it could have been lifted fromone of the standard el ementary “principles”

34.  (One of the advantages of this approach with its small nunber of data
poi nts (not observations though) and only one stinmulus variable is that
bad fits are obvious and desirable transformtions easily seen

35.  An estimation of the regression diagnostics suggested by Pregi bon (1961)
or logistic regression reveal no problens with EQ (10). For the N*
In(price) nodel, the coefficients are 2.264 (.1337) and -.5986 (.06058).
and for N*, 2.236 (.0625) and -.5888 (.03031) where the nunbers in
parentheses are the acconpanying asynptotic standard errors.

36. For the N* log(price) nodel, the upper 95% bound, the point estimte, and
| ower 95% bound for ¢ are [-.1625, - .1818, -.1939] while for N* they
are (-.1717, -.1805,’-.1876]. It is now clear that the choice of the
definition of the n,is not tremendously inportant ase is estimted far
more precisely thandalmost any estimate we can find for“a public good in
the literature. The role of non-sanpling survey errors is undoubted nore
important than any renaining sanpling variation at this point.
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Figure 3-2
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or public economcs texts. It is inportant to note how we were able to
estimate such a curve. Follow ng fromthose principles, the demand for a good
is a function of price, incone and taste. At each of the different tax
prices, we have a random sanple of voters from the sane popul ation. Thus,
income and taste variables are held constant. The only thing which has
changed is the tax price. Because of the controlled application of tax price
as a stimulus, there are none of the usual separability problens associated
with estimting demand functions. There are also none of the usual
sinultaneity problens. The work presented here can be taken as a
denonstration that the demand curves frommcro principles exist and are

ni cel y behaved when the conditions we were first taught can be observed.

Characteristics Associated with Yes on VOTE4

Past work on the determinants of wllingness to pay for water quality
(Carson and Mtchell, 1986) suggests the follow ng demographic or attitudinal
variables (self-identification as an environnentalist, concern over water
pol lution, participation in water-based recreation, and incone) are associated
with higher willingness to pay for water quality inprovenents. Cther
resear chers have occasional |y reported age, race or sex correlations. Since
there are often partisan differences on referenda, we also selected political
i deol ogy and presidential preferences as additional possible correlates.

The hypothesis of independence can be tested using the % test described
above. Before doing this, we dichotom ze VOTE4 so that it equals one if the
respondent was willing to pay $4 and equals zero if the respondent did not
indicate a willingness to pay $4.

For the 2x2 table of preference for Reagan by VOTE4, we have a X2 val ue of

.124 (df=1) indicating that the null hypothesis of no association cannot be
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rejected. The 2x2 table of Republican/ Non-Republican [PARTY], shows sone
support for the hypothesis of that partisan differences influence VOTE4 since
t he x2 value is 4.28 (df=1) which has a p-value of .04

Income is neasured in this survey using the California Poll’s standard
series of categories. Unfortunately over 30% of the respondents are in the
hi ghest incone category (total household incone greater than or equal to 40
thousand dollars) with nost of the detail available for |ow income househol ds.
At a $4 tax price, the income elasticity appears to be close to zero. This is
perhaps not too surprising since the cost of the referendumat $4 is not
burdensone. As one increases the tax price from$4 to $50 the income

37 W al so

elasticity appears to increase but still remains fairly snmall.
find no race or sex effects.

For the water based recreation variable [WATUSE], we find that the
hypot hesi s of independence is rejected [:<2 = 4.91 (df=1; p-value=.03)]. W
can also reject the hypothesis of independence with respect to an economc-
environnmental tradeoff variable, ECEV, {If.2 = 33.8 (df=4; p-value=.001)], for
confidence in the state legislature to provide environmental protection,
CONFLEG [X2 = 28.18 (df=3; p-value=.001) and for self-identification as an

environnmental i st, ENVI ST, [X2 = 21.38, (df=2; p-value= .001)]. 38 WATUSE t akes

37. W hesitate to speculate on its exact functional formdue to data
probl ens and estimation problems, and the fact that our experinental
design was not intended for this purpose. A typical CV survey uses
nodi fied “standard” denographic question in order to obtain nore detail,
particularly with regard to incone.

38.  WATUSE takes two values, 1 equal to "engage in water-based recreation”
and 0 equal to “do not engage in water-based recreation". ECEV is a five
point scale with 1 equal to "very pro-environnental with respect to
econonic trade-offs” and 5 equal to "very pro-economc growh wth
respect to environnental trade-offs.” CONFELG is a four point scale with
1 equal to “great confidence in the state legislature in providing
environnental protection” and 4 equal to "no confidence in the state
| egi slature”.
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two values, 1 equal to “engage in water-based recreation” and 0 equal to “do
not engage in water-based recreation.” ECEV is a five point scale with 1
equal to “very pro-environnental with respect to economc trade-offs” and 5
equal to “very pro-economc growth with respect to environmental trade-offs.”
CONFLEG is a four point scale with 1 equal to “great confidence in the state
| egislature in providing environmental protection” and 4 equal to “no

confidence in the state legislature.”

CONCLUSI ON: - KNOALEDGE AND THE ACT OF VOTI NG

Perhaps the strongest criticismof wllingness to pay estimates obtained
using the contingent valuation has been put forth by Bishop, Heberlein, and
Kealy (1983) and Freeman (1986). In the words of Freeman, “contingent
val uation works best where we need it least.” By this, Freeman was referring
to the fact that people are nost likely to give reasoned and informnmed
wi | lingness-to-pay answers about public goods and levels of public goods wth
which they have had the nost experience. In particular, he refers to
recreational demand where nethods (e.g., travel cost analysis [Cawson and
Knetsch, 1966]) based on conplenentarity with marketed goods already exist for
benefits estimation. Bishop, Heberlein and Kealy (1983) explore this thene
further, noting the long process of conparison and consultation a consumer is
likely to go through before purchasing a | arge durable itemsuch as an
aut onobi | e.

This is undoubtably true of purchases such as autonobiles. W put forth
anot her nodel, though, and that is the actions for a mental process which an
i ndividual goes through before casting a vote in an election. It is inmportant
to note that Bishop, Heberlein, and Kealy and Freeman have raised their

criticisms in response to the hypothetical nature of contingent valuation
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surveys and the fact that responses given in a contingent valuation survey are
not bi ndi ng.

There is a vast literature in political science which suggests that people
are not trenendously well informed when they cast votes.39 Only a few days
before the election, |ess than 50% of the likely voters were aware that
Proposition 25 was on the ballot. This was in spite of nedia endorsenents and
a detailed voter’s pamphlet fromthe Secretary of State's office. Mgl eby
(1984) cites research showing that fewer than 30% o California voters read the
voters panphlet in spite of the fact that it is free and is delivered to their
homes.  The description of the propositions are conplicated, full of |ega
jargon, and way above the reading |evel of many of the voters. And yet
peopl e vote, mneking decisions which have a trenendous influence on their
lives.

W assert that the half hour to an hour contingent valuation survey
interviewwth its tremendous detail on what the problemis, what the
respondent is purchasing, what the alternatives are, and how the solutions can
be inplenented results in responses that are far nore informed that those of
rational voters. The nmethod we have proposed here is closer to the actual act
of voting but certainly is not the result of informed voters as is a
contingent valuation survey. It is much cheaper than a full blown contingent
valuation survey. The survey questions on which the estimate of £, i s based
cost less than ten thousand dollars. One thousand 45 minute contingent
val uation interviews cost between between seventy-five and one hundred thousand

dol | ars.

39. They do, however, vote in a rational fashion and in a manner consi stent
with their preferences on that issue. Voters do, however, hold
contradi ctory positions which they have not confronted and are often
confused about the positions of candidates on mnor issues and of the

(Footnote continued) 156



A contingent valuation survey provides nuch nore information. |t provides
direct estimates of the H cksian conmpensating surplus as well as the actua
anmounts at which a respondent would change froma yes to a no vote
Typically, one can also explore the provision of different quantities of the
public good in a contingent valuation survey. For many purposes, estimates of
£, prices are sufficient.

The study we have presented in this chapter also provides indirect support
for the validity of our national water benefits study as it shows that surveys
can predict referenda on water bond issues. Although we did not explicitly
invoke the referendum nodel in the NWBS, our scenario in that study is
consistent with the nmodel. Future CV surveys, even of national |eve
prograns, should be able to profitably frame the elicitation questions to
capture referendum!ike choices whether or not they adopt the particul ar

di screte choice framework which we describe here.

39(conti nued) _
exact inplications of legislation. See Mieller (1969), Bendict (1980).
Croshy, GII, and Taylor (1981), and Magleby (1984)
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